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Indian Standard 

RADIATION PROTECTION FOR AN X-RAY 
TUBE IN A PROTECTIVE TUBE HOUSING, 
OPERATING BETWEEN 10 kV AND 400 kV 

0. FOREWORD 

0#1 This Indian Standard was adopted by tlie Indian Standards Institution 
on 7 May 1972, after the draft final izt^d by the Electron Tubes Sectional 
Committee had been approved by the Elcctrotcchnical Division Council. 

0.2 The manufacture of medical X-ray equipment has been taken up in 
India on a substantial scale and X-ray tubes for the same are being manu- 
factured within the country. An Indian Standard specification for diagnosdc 
type of X-ray tube has already been brought out {see IS : 3154-1965* ). 

0«3 According to International Commission on Radiological Protection regu- 
lations and also according to the regulations laid dowji by the Department 
of Atomic Energy, Government of India regarding the radiation protection 
of X-ray tubes fitted in a protective tube housing and filled with appropriate 
insulating oil, the level of leakage radiation should not exceed certain speci- 
fied limits for diflferent types of X-ray tubes. This standard lays down such 
limits and the corresponding methods of measurement. 

0.4 Although the protective measures are to be provided as an integral part 
of the X-ray equipment and if properly used will provide protecdon to the 
patient, they will not always by themselves be suflnicient for protection of the 
radiological staflf and the occupants of the surrounding areas. Additional 
protection measures such as structural shielding and the wearing of protec- 
tive clothing may, therefore, be required. These additional requirements 
are usually unique to each installation since they arc affected by work load, 
occupancy factor, etc, and thus only measurements or estimates of patient 
exposure and personnel exposure will give information about any necessary 
additional protection. This standard is expected to be of use in evaluating 
these levels also. 

0«5 It is the duty of both the manufacturer and the user to ensure that the 
radiation protection measures in respect of all equipment are in conform- 
ity with the standard ( and particularly with the regulations laid down by 
the Department of Atomic Energy, Government of India ). In the case of 
very intensive or unusual application of the equipment, it is the duty of 

•Spccificttion for X-ray tubci, diagnoitic type. 
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the user to provide additional protective measures or procedures, if 
necessary. 

0«6 This standard is one of a series of Indian Standards on electron tubes. 
A list of standards so far prepared on this series is given on page 8. 

0.7 For the purpose of deciding whether a particular requirement of this 
standard is complied with, the final value, observed or calculated, expressing 
the result of a test, shall be rounded off in accordance with IS : 2-1960*. 
The number of significant places retained in the rounded off value should 
be the same as that of the specified value in this standard. 



1. SCOPE 

I A This standard lays down the limits of leakage radiation frbm X-ray 
tube in a protective tube housing, operating between 10 kV and 400 kV and 
the corresponding method of measuring the same. 

2. TERMINOLOGY 

2.1 For the purpose of this standard, the terms and definitions given in 
IS : 1885 ( Part IV/ Sec 2 ).1965t shall apply. 

3. PROTECTION AGAINST LEAKAGE RADIATION FROM X-RAY 
TUBE HOUSING 

3*1 The leakage radiation from protective tube housings shall not exceed 
the values given in Table 1 when measured in accordance with the proce- 
dures laid down in this standard. 

3*2 Limiting Device for X-Ray Peam — The protective tube housing pro- 
vided for each X-ray tube shall have an aperture or a window of such a size 
as to allow not more than the largest necessary useful beam to emerge. In 
situations where only a beam size smaller than the Inaximum possible is 
required, an additional fixed size diaphragm or other suitable device shall 
be provided which will limit the beam size to that required. The transmitted 
intensity through the beam limiting device should not exceed 5 percent of 
the usctul beam in the case of therapy tubes. For diagnostic types, the beam 
limiting device should oflfcr the same degree of attenuation as that of the 
tube housing. 

4. RADIATION MEASURING DEVICE 

LI Survey Meter — A survey meter is an exposure rate meter which is 
intended to be the principal measuring instrument for probing or rapid 

*Rulet for rounding off mimericftl values ( nvistd ) . 

tElectrotecbnical vocabulary : Part IV Electron tubes and valves, Sectton 2 X-ray tubei, 
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TABLE 1 MAXIMUM PERMISSIBLE EXPOSURE RATE OF 
LEAKAGE RADIATION 

( Clause 3.\ ) 

Sl Type of Tube Assembly Maximum Permissible Exposure 

No. Rate of Leakage Radiation 

(1) (2) (3) 

i) Diagnostic type protective tube The protective tube housing shall be so construct- 
housing ed that at every specified rating of the x-ray 

tube, the leakage radiation at a focal distance 
of 1 m does not exceed 100 mR per hour 

ii) Therapeutic-type protective tube 
housing: 
a) Operating above 50 kV The protective tube housing shall be so construct- 

ed that at every specified rating of the x-ray 
tube, the leakage radiation at a focal distance of 
1 m does not exceed 1 Roentgen per hour; or 
30 Roentgens per hour at any point accessible 
to the patient at a distance of 5 cm from the sur- 
face of the housing or its accessory equipment, 
b) For therapeutic-type protective The protective tube housing shall be so construct- 
tubc housing with operating poten- ed that at every specified rating of the x-ray 
tials up to and including 50 kV tube, the leakage radiation at 5 cm from the 
which may be occasionally held surface of the tube housing shall not exceed 
in the hand during treatment 10 mR per hour 

surveying of a radiation field. The time constant of such an instrument 
should preferably be less than one-third of the duration of the radiation or 
the response time ( the time taken to reach tlie maximum reading ) of the 
instrument should as far as possible be equal to or less than the duration of 
the radiation { that is, for example maximum possible exposure time of a 
diagnostic X-ray tube ). 

NoTB — Ionization chamber detectors having a flat response ( energy independent res- 
ponse ) in the energy region of interest are generally used. Other detectors such as 
Geiger-MuUer cotmters, proportional counters, scintillation crystals or solid state detec- 
tors may also be used provided the detector is appropriately calibrated and corrected for 
energy dependence. 

4.1 •! In order to average the exposure of small beams over the appro- 
priate area, the detector to be used for measurements at one metre distance 
from the focal spot shall have an area of approximately 100 cm* and a 
sensitive volume of not more than 500 cc. 

4.1 •2 For measurements at 5 cm from the surface of the protective tube 
housing, the detector shall have an area of approximately 10 cm' and a 
sensitive volume of not more than 5 cc. 

4«2 The exposure-rate meter used shall have an accuracy better than 
i 10 percent. 
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4.3 Calibration — The survey meter shall be calibrated by exposure to an 
X-ray field of known energy. The calibrating exposure rate shall be re- 
presentative of the intensities to be measured. The calibration shall be 
periodically checked using an appropriate standard source. The calibration 
shall also be traceable to a suitable primary standard such as a free air 
ionization chamber. 

Note — The half value thickness of the stated material corresponding to the known 
value of the vohagc and filtration to be used as well as the method of calibrating the 
survey meter are under consideration. 

5. MEASUREMENT OF LEAKAGE RADIATION 

5.1 The window of the protective tube housing shall be suitably covered 
with at least lOHVL of lead. The window shall be properly covered 
so as to reduce the scattered radiation to a minimum. 

5.2 The leakage radiation shall be measured with the tube operating at its 
maximum voltage and at its minimum current for continuous operation at 
that voltage. If this is not possible, the measurement shall be made at a 
higher current provided that the limits of operating time imposed by the 
total heat capacity of the tube or target ( as determined from the manufac- 
turer's tube rating and cooling charge ) arc taken into account, 

5.3 The leakage radiation shall be measured at the specified distance 
( see Table 1 ) in all directions ( see Fig. 1 ). 
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6. PRECAUTIONS 

6.1 The presence of radio frequency field may cause irregular or apparently 
high background readings in the survey meter. It should, therefore, be 
ensured that there is no extraneous radio frequency field before any measure- 
ment of X-radiation is carried out. This sliall be done by observing the 
response of the survey meter without the tube being energised. 

6*2 The personnel conducting the leakage radiation measurements should 
wear appropriate protective equipment (for example, lead rubber apron ) 
and also should be monitored for the doses received by them by means of 
personnel monitoring devices ( for example, film badges ). 

6.3 Precautions should also be taken to protect against high voltage hazards 
normally associated with the tube being energized. 

7. REPLACEMENT OF TUBES 

7.1 If at any time after original manufacture, the manufacturer or any 
other person or organization replaces or exchanges the X-ray tube in the 
protective tube-housing it is the responsibility of that person or organization 
to ensure that all requirements of this standard are still maintained. 
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